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A B S T R A C T

Purpose
A greater understanding of the biology of tumor recurrence should improve adjuvant treatment
decision making. We conducted a validation study of the 12-gene recurrence score (RS), a
quantitative assay integrating stromal response and cell cycle gene expression, in tumor
specimens from patients enrolled onto Cancer and Leukemia Group B (CALGB) 9581.

Patients and Methods
CALGB 9581 randomly assigned 1,713 patients with stage II colon cancer to treatment with
edrecolomab or observation and found no survival difference. The analysis reported here included
all patients with available tissue and recurrence (n � 162) and a random (approximately 1:3)
selection of nonrecurring patients. RS was assessed in 690 formalin-fixed paraffin-embedded
tumor samples with quantitative reverse transcriptase polymerase chain reaction by using
prespecified genes and a previously validated algorithm. Association of RS and recurrence was
analyzed by weighted Cox proportional hazards regression.

Results
Continuous RS was significantly associated with risk of recurrence (P � .013) as was mismatch repair
(MMR) gene deficiency (P � .044). In multivariate analyses, RS was the strongest predictor of recurrence
(P � .004), independent of T stage, MMR, number of nodes examined, grade, and lymphovascular invasion.
In T3 MMR-intact (MMR-I) patients, prespecified low and high RS groups had average 5-year recurrence
risks of 13% (95% CI, 10% to 16%) and 21% (95% CI, 16% to 26%), respectively.

Conclusion
The 12-gene RS predicts recurrence in stage II colon cancer in CALGB 9581. This is consistent
with the importance of stromal response and cell cycle gene expression in colon tumor
recurrence. RS appears to be most discerning for patients with T3 MMR-I tumors, although
markers such as grade and lymphovascular invasion did not add value in this subset of patients.

J Clin Oncol 31:1775-1781. © 2013 by American Society of Clinical Oncology

INTRODUCTION

The individualization of cancer care requires a
deep understanding of tumor biology and the
identification of subsets of tumors that offer tar-
gets for tumor-specific treatment. Colorectal can-
cer does not yet fit this model because the only
clearly clinically applicable genomic information
is KRAS status of advanced colorectal cancers, in
which mutations predict lack of efficacy of epider-
mal growth factor receptor (EGFR) antibodies.
This is in contrast to breast cancer, in which the
status of estrogen receptor, progesterone recep-
tor, human epidermal growth factor receptor 2
(HER2), and the 21-gene recurrence score (RS;

among other factors) inform treatment deci-
sion making.1-5

No group of patients would reap more benefit
from the identification of prognostic and predictive
markers than those with stage II colon cancer. The
need to balance the relatively low risk of disease
recurrence with only modest benefit of adjuvant
therapy in the face of toxicities and even treatment-
related deaths challenges oncologists and patients
alike.6 In practice, adjuvant therapy is generally of-
fered to stage II patients believed to have higher
recurrence risk based on the expectation that high-
risk patients may derive larger absolute benefits with
postoperative chemotherapy than patients at low
risk of recurrence.7
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Clinical factors thought to be associated with increased risk of
recurrence in stage II colon cancer include clinical and pathologic
tumor features such as T4 stage, bowel perforation or obstruction,
inadequate nodal assessment (fewer than 12 lymph nodes examined),
high tumor grade, and lymphovascular invasion (LVI).8 Any of these
conventional features classifies a patient as high risk and may direct the
recommendation toward adjuvant chemotherapy.7 However, the
variability in the level of evidence supporting each of these factors and
the lack of standardization in their assessment reduce the confidence
that these features are informative.6,7,9 In reality, tumor grade, for
example, is not always associated with increased recurrence risk in
stage II disease,10-12 and grade and LVI are subjectively determined
and often not reported.8,11

Due in part to this lack of clarity, there is an ongoing effort to
identify genomic markers that could reliably predict recurrence risk
and treatment benefit in stage II colon cancer. A major challenge,
however, is the need for consistent results from well-powered, pro-
spectively designed studies, and this conundrum partially explains the
paucity of markers that have achieved the level of evidence to support
clinical application.13 Deficiency of the MMR (mismatch repair
genes) pathway is associated with lower recurrence risk in stage II
colon cancer and may also predict a poorer outcome with
fluorouracil-based adjuvant chemotherapy.14-16 The nearly universal
finding of significantly lower recurrence risk in patients with MMR-
deficient (MMR-D) tumors across multiple large, independent stud-
ies has led to its growing use as a factor arguing against adjuvant
therapy in clinical practice for stage II patients.17,18

Multigene assays might more reliably give insight into tumor
biology and the risk of recurrence than single-gene analysis, and this
has motivated the development of several multigene panels. One such
panel is the Oncotype DX Colon Cancer Recurrence Score (Genomic
Health, Redwood City, CA). Developed by using tumor gene expres-
sion data from 1,851 patients with resected colon cancer in four
independent trials,12 it has been validated as a predictor of recurrence
risk in stage II patients with colon cancer from the QUASAR study.10

In that prospectively designed validation study, continuous RS was
significantly associated with the risk of tumor recurrence, and in a
prespecified multivariate analysis, RS predicted recurrence risk inde-
pendently from MMR status, T stage, tumor grade, number of nodes
examined, and LVI. The added value of the RS was most evident in
patients with T3 MMR-intact (MMR-I) tumors, in which the classic
prognostic factors demonstrated limited utility.10

The 12-gene RS is calculated from an analytically validated and
standardized19 quantitative reverse transcriptase polymerase chain
reaction assay that measures the expression of 12 genes (seven recurrence
genes and five reference genes) in formalin-fixed paraffin-embedded
(FFPE) primary colon tumor tissue. The applicability of the RS is rein-
forcedbytheidentityoftherecurrencegenesandthemeasuredchangesin
tumor biology produced by their dysregulation. Six of the seven genes are
in two key biologic pathways: cell cycle control (MKI67, MYC, MYBL2)
and stromal response (FAP, BGN, INHBA).12 The seventh recurrence
gene(GADD45B) isamarkerofgenotoxicstressandmayregulateactivity
of stromal response genes, including BGN.20 The association of cell cycle
control and stromal response genes with colon tumor aggressiveness is

Table 1. Demographics and Baseline Clinical Characteristics

Characteristic

Patients With Stage II Colon Cancer

Included in Study
(n � 690)

Not Included in Study
(n � 982)

In CALGB 9581
(N � 1,672)

No. % (weighted) No. % (weighted) No. %

Age, years
� 60 214 31.3 323 32.9 537 32.1
60-70 231 33.6 311 31.6 542 32.4
� 70 245 35.0 348 35.5 593 35.5

Sex
Male 360 51.9 513 52.4 873 52.2

Race/ethnicity
White 630 92.0 894 91.4 1,524 91.5

Year of surgery
� 1998 134 19.5 140 14.3 274 16.4
1999-2000 343 50.2 540 55.2 883 52.8
� 2001 213 30.3 302 30.5 515 30.8

Treatment arm
Observation 343 50.4 499 50.4 842 50.4
Edrecolomab 347 49.6 483 49.6 830 49.6

T stage
T4 41 5.9 35 3.7 76 4.6

� 12 Nodes examined 327 47.1 427 44.2 754 45.1
Lymphovascular invasion present 78 10.9 112 11.5 190 11.4
MMR deficient 137 21.5 48 22.9 185 21.4
Obstruction or perforation present 11 1.7 19 2.1 30 1.8
Tumor location (right side) 360 52.8 492 50.1 852 51.0
High-grade central tumor 220 32.4 N/A N/A N/A N/A
Central mucinous histology present 124 18.4 N/A N/A N/A N/A

Abbreviations: CALGB, Cancer and Leukemia Group B; MMR, mismatch repair; N/A, not applicable.

Venook et al

1776 © 2013 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



supported in animal models as well as exploratory studies in human
tumor samples.21-28

Cancer and Leukemia Group B (CALGB) 9581 was a random-
ized phase III clinical trial conducted by the CALGB, which found no
effect of adjuvant edrecolomab (anti-EpCAM, monoclonal antibody
17-1A) compared with observation in patients with resected stage II
colon cancer.29 Because of the absence of impact of therapy, the
patients enrolled onto this trial provided a valuable resource for the
study of pathologic and molecular determinants of outcome in a large
cohort of stage II patients essentially treated with surgery alone with
prospectively collected FFPE tumor tissue. CALGB 9581 excluded
patients with highest risk, such as obstruction or perforation, and the
overall risk of recurrence in the study was 14%. To further our under-
standing of the biologic pathways underlying recurrence risk in stage II
colon cancer and to confirm and extend the findings from the
QUASAR validation study, we conducted an independent, prospec-
tively designed study in patient specimens from CALGB 9581 to test
the 12-gene RS for association with risk of recurrence. Analyses were
prespecified to determine the relationship of RS to recurrence in the
setting of conventional clinical and pathologic risk factors.

PATIENTS AND METHODS

Patients and Tissue Specimens

Patients with stage II colon cancer enrolled onto both arms of CALGB
9581 who had available tumor tissue were eligible. A cohort sampling study
design was used to make the most efficient use of tissue samples in a population
with relatively low risk of recurrence (14.6% at 5 years).30 All patients with
recurrence and a random sample of patients without recurrence were identi-
fied for inclusion in the study (1:3 ratio). Sampling was stratified on treatment,
and no matching was performed. CALGB statisticians identified the patient
subsample, and the related archived specimens (FFPE colon tissue) were sent
to Genomic Health by the CALGB Pathology Coordinating Office.

Pathology

Tumor grade and tumor type were centrally assessed according to the
College of American Pathologists Consensus Statement, with mucinous car-

cinomas characterized as high-grade tumor.8 Data on pathologic T stage,
number of nodes examined, tumor location, LVI, and evidence of bowel
obstruction or perforation were obtained from the CALGB clinical database.
MMR was assessed by immunohistochemistry for hMLH1 and hMSH211 by
CALGB investigators, as previously described,31 with the modification that the
threshold for scoring loss of expression was less than 5% tumor cells staining.

Gene Expression

RNA was extracted at Genomic Health from six 5-�m sections obtained
from a single representative archived FFPE colon tumor tissue block for each
patient. Nontumor elements were removed by manual microdissection before
RNA extraction. Extracted RNA was quantified by RiboGreen (Invitrogen,
Carlsbad, CA) and analyzed by reverse transcriptase polymerase chain reac-
tion. The 12-gene RS was calculated by using the prespecified genes and
algorithm previously validated in QUASAR.10 Prespecified percentile cut
points (40th and 75th percentile) were used to define low, intermediate, and
high RS groups. All centrally performed pathology and laboratory assay pro-
cedures were prespecified and conducted without knowledge of the clinical
characteristics or outcomes.

Statistical Methods

The primary study end point was recurrence-free interval, defined as
time from random assignment to documented first colon cancer recurrence or
death as a result of colon cancer. Deaths resulting from other causes were
censored. New primary colon cancers were ignored.

A weighted Cox proportional hazards model evaluated the association
between RS and recurrence-free interval based on a Wald-type test statistic
constructed by using a weighted partial pseudolikelihood estimate and robust
variance estimate.30 A two-sided P value less than .04 was considered signifi-
cant. An alternative score, not discussed in this article, was assessed for valida-
tion at a significance level of 0.01. Assessment of proportional hazards was
performed by examining the relationship between scaled Schoenfeld residuals
and time.32,33 Functional forms were examined by inclusion of splines in the
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Fig 1. Relationship between the continuous recurrence score and 5-year
recurrence risk. Black lines represent 95% CIs. A rug plot depicting the
distribution of recurrence score is included at the bottom of the figure.

Table 2. Univariate Analysis: Relationship of Clinical and Pathologic Covariates
With Risk of Recurrence

Variable HR 95% CI P

MMR (deficient v intact) 0.62 0.39 to 0.99 .044
T stage (T4 v T3) 1.19 0.60 to 2.37 .62
No. of nodes examined (� 12 v � 12) 1.17 0.85 to 1.62 .34
No. of nodes examined, continuous (per node) 0.98 0.96 to 1.00 .062
Tumor grade (high v low) 0.74 0.52 to 1.07 .11
Lymphovascular invasion (present v absent) 1.56 0.98 to 2.50 .062
Mucinous histology (mucinous v not) 0.73 0.46 to 1.16 .18
Tumor location (right-sided v other) 0.79 0.57 to 1.10 .16
Age (� 70 v � 70 years) 1.21 0.87 to 1.69 .26
Age, continuous (per year) 1.01 1.00 to 1.03 .15
Sex (male v female) 1.14 0.82 to 1.58 .42

Abbreviations: HR, hazard ratio; MMR, mismatch repair.

Table 3. Multivariable Analysis: Relationship of Clinical and Pathologic
Covariates With Risk of Recurrence

Variable HR 95% CI P

MMR (deficient v intact) 0.70 0.42 to 1.17 .17
T stage (T4 v T3) 0.93 0.44 to 1.97 .85
No. of nodes examined (� 12 v � 12) 1.14 0.81 to 1.60 .46
Tumor grade (high v low) 0.78 0.51 to 1.18 .24
Lymphovascular invasion (present v absent) 1.39 0.85 to 2.26 .19
RS, continuous (per 25 units) 1.68 1.18 to 2.38 .004

Abbreviations: HR, hazard ratio; MMR, mismatch repair; RS, recurrence score.

Recurrence Score in CALGB 9581
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Cox model. Patient characteristics were summarized by using weighted means
and proportions. Analyses used SAS version 9.2 (SAS, Cary, NC), and all
statistical analyses were conducted by CALGB statisticians in collaboration
with Genomic Health.

RESULTS

Patient Characteristics

Tissue was collected for 1,137 (68%) of 1,672 patients with stage
II colon cancer enrolled onto CALGB 9581. By using all recurrent
patients with banked tissue and a random sample of nonrecurrent
patients, 728 patient samples were processed. Following prespecified
procedures for pathology and laboratory processing, 38 (5.2%) of 728
specimens were excluded, primarily for insufficient tumor tissue (Ap-
pendix Fig A1, online only). The final evaluable data set contained 690
patients, 162 of whom had recurrence.

Patients enrolled onto CALGB 9581 were generally older
(35.5% were age � 70 years) and had lower recurrence risk, as
manifested by lower proportions of T4 patients (4.6%) and a
higher proportion of MMR-D patients (21.4%) compared with
other published series of patients with stage II colon cancer (Table
1).29 The distribution of demographic and baseline clinical charac-

teristics for patients evaluated in this study was similar to that of
CALGB 9581 patients who were not included, with the exception of
T stage and number of nodes examined (both P � .05), although
the differences were small (Table 1).

Association of RS With Recurrence Risk

RS values ranged from 2 to 78, with a median score of 31.4
(interquartile range, 24.7 to 39.0) and a mean of 33 � 11.5 standard
deviation units. In the primary analysis, based on the Cox model, RS
was significantly associated with recurrence risk, with a hazard ratio of
1.52 for a 25-unit increase in RS (95% CI, 1.09 to 2.12; P � .013; Fig 1).
The proportional hazards assumption held (P � .42 for the test of
nonzero slope of Shoenfeld residuals v time). There was no evidence of
nonlinearity in the relationship between continuous RS and the log
hazard of recurrence (P � .56 for the test of nonlinearity). In the
overall study population, estimates of average 5-year recurrence risk
from the Cox model with continuous RS for the low-, intermediate-,
and high-percentile groups (defined by RS values of 29 [40th percen-
tile] and 39 [75th percentile]) were 12% (95% CI, 10% to 15%), 15%
(95% CI, 12% to 17%), and 18% (95% CI, 14% to 22%), respectively.
Similar results were obtained by using RS cut points of 30 and 41 as
defined in QUASAR10 (data not shown).
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Fig 2. Distribution of the recurrence score by levels of covariates. Distribition of recurrence score values by (A) levels of mismatch repair (MMR) status, (B) T stage,
(C) number of nodes examined, (D) lymphovascular invasion (LVI), and (D) tumor grade. Triangles represent recurrence scores for patients experiencing recurrence and
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RS in the Context of Conventional

Clinical/Pathologic Factors

Among conventional clinical/pathologic factors, MMR was the
only covariate significantly (P � .05) associated with recurrence in
univariate analyses, with MMR-D tumors associated with lower re-
currence risk (Table 2). LVI and number of nodes examined (as a
continuous variable) were of borderline significance, with effects in
the expected directions. T4 stage was not a significant predictor of
recurrence in this patient population, likely because of the exclusion of
T4 tumors with invasion of adjacent organs or structures (pT4b) and
the low overall frequency of T4 patients in CALGB 9581.

In multivariable analysis, RS was a significant predictor of recur-
rence risk (P � .004), providing independent value beyond MMR, T
stage, number of nodes examined, grade, and LVI (Table 3). A wide
range of RS values was observed within each level of the covariates,
such as MMR, T stage, number of nodes examined, LVI, and tumor
grade, indicating that RS revealed underlying biology not captured by
the traditional clinical and pathologic factors (Fig 2). In addition, in a
model examining the contribution of RS to prediction of recurrence
risk in the context of MMR and T stage, the most consistent prognostic
covariates in stage II colon cancer—RS (P � .007) and MMR
(P � .02)—were significant predictors of recurrence (Appendix Table
A1, online only; Fig 3). Among T3 MMR-I patients (74% of patients
with MMR results), 44% were in the low RS and 22% were in the high
RS groups. For T3 MMR-I patients, model-based estimates of average
5-year recurrence risk in the prespecified low, intermediate, and high
RS groups were 13% (95% CI, 10% to 16%), 16% (95% CI, 13% to
19%), and 21% (95% CI, 16% to 26%), respectively.

DISCUSSION

In this study, the 12-gene RS was significantly associated with risk of
tumor recurrence in patients with stage II colon cancer and was
prognostic for outcome independent of conventional clinical and
pathologic features. Of the conventional risk parameters, only MMR
status was also prognostic. The most common subset of patients was
those with T3 MMR-I tumors, and the continuous RS was indepen-
dently associated with recurrence risk in these patients. Consistency of
these findings with findings from QUASAR convincingly confirms
that RS can provide information regarding the likelihood of occult
tumor metastasis and recurrence, which can help inform adjuvant
therapy recommendations in practice.

From a biologic perspective, these results are consistent with the
involvement of cell cycle control and stromal response as determi-
nants of tumor recurrence in colon cancer. Unlike in breast cancer,
studies of colon cancer show a weak correlation between MKI67
protein level and number of cells in S phase.25 Here, the association of
cell cycle control gene expression with low risk of recurrence may
reflect the importance of cell cycle regulation in response to DNA
damage or misalignment of chromosomes during mitosis: tumors
that possess at least some checkpoint control may have lower muta-
tion rates and loss of heterozygosity, and therefore may have lower
metastatic potential. In contrast, association of stromal response genes
with higher recurrence risk is consistent with observations in multiple
cancers, including breast, lung, and prostate cancer.24,26,34 The stro-
mal response genes included in the RS—fibroblast activation protein
(FAP), inhibin A (INHBA), and biglycan (BGN)—are part of a tightly
coexpressed genomic program characterized by activated transform-
ing growth factor beta (TGF�) signaling. Activated tumor-stroma
TGF� signaling is known to produce a wound healing response, with
upregulation of extracellular matrix proteins and an environment rich
in growth, inflammatory, angiogenic, and invasion factors conducive
to the growth of tumor cells.24,26

The possible role in recurrence of cancer stem cells (CSCs)35,36

provides further context for understanding the importance of cell
cycle control and stromal response in colon cancer metastases. In the
stage II setting, in which there is no macroscopic disease, the presump-
tive mechanism of recurrence includes the dissemination of CSCs that
are capable of propagating into metastases at distant sites. The molec-
ular predictors of recurrence risk, by logical extension, likely represent
biologic pathways associated with these behaviors. It is thus reasonable
to speculate that expression of cell cycle control and stromal response
genes might relate to colon CSC behavior and to a tumor-stroma
interaction in the dissemination of CSCs.

It is plausible that directing inhibitors toward elements of the
pathways identified in the RS could lead to the development of novel
adjuvant therapies for colon cancer. Given its limited expression in
normal tissue, FAP is being targeted in early-phase clinical studies (eg,
monoclonal antibody F19/sibrotuzumab).37-41 Activation of the
TGF� pathway upregulates COX-2 expression,42 and COX-2 inhibi-
tion can alter TGF� pathway activity.43-45 Patients whose tumors have
activated stromal response and TGF� signaling may therefore have
differential benefit from COX-2–targeted therapies. We expect that
this and other clinical and translational studies will provide additional
insights into the roles of cell cycle control and stromal response genes
in colon tumor behavior.
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The findings in this study also challenge us to re-examine the
traditional approach to risk assessment and treatment planning in
stage II colon cancer. Most of the conventional clinical and pathologic
features in use suffer from lack of standardization, reproducibility, and
prospective validation criteria which should apply to any marker, new
or old, for clinical decision making.46 In this large study of well-
defined stage II patients, many of the traditional markers, including
tumor grade and LVI, proved to have little prognostic value. By con-
trast, the consistent results with the 12-gene RS across two large,
prospectively designed validation studies (QUASAR and CALGB
9581) and multiple studies with consistent findings for MMR14-18

demonstrate that these molecular tools can complement and improve
on existing approaches to risk assessment in clinical practice.

CALGB 9581 provides evidence of the importance of mandating
the acquisition and storage of tumor tissue. Although the clinical
intervention edrecolomab was ineffective, the prospective collection
of biospecimens allowed us to test molecular markers in a population
of patients with stage II colon cancer who had nearly 8 years of
follow-up in a study that included a random assignment to observa-
tion. The cohort of patients was clearly a group with relatively low risk,
because of exclusion of tumors with selected high-risk features (T4
with invasion of adjacent organs or structures, bowel perforation or
obstruction, and positive margins). It should be noted that stage II
patients who were ineligible for this study according to the exclusion
criteria account for a small minority (15% to 20%) of patients with
stage II disease. In addition, the age distribution (35% of patients
age � 70 years) and degree of nodal sampling make this population
reasonably representative of the average patient likely to present with
stage II colon cancer.

Given the low recurrence rate in CALGB 9581 (14%) compared
with the benchmark of 20% for unselected stage II patients in the late
1990s, the finding that RS was the strongest predictor of recurrence
risk in univariable and multivariable analyses was particularly notable.
Although the degree of risk discrimination is modest when comparing
low versus high RS groups, the greatest value of the RS is apparent
when RS is applied as a continuous measure for individual patients
(risk range, 9% to 26%), particularly for the subset of patients with T3
MMR-I and high RS disease (16% of the total population).

In QUASAR, patients across the range of RS derived similar
relative risk reduction with adjuvant fluorouracil/leucovorin, mean-
ing that patients with high RS disease would accrue larger absolute
benefits with adjuvant chemotherapy compared with patients with
low RS disease.10 Following on the results from QUASAR, the results
presented here confirm the accuracy of the standardized, validated RS

and its relevance for patients with T3 MMR-I tumors, in which further
risk discrimination may be factored into the decision of whether or
not to offer adjuvant chemotherapy. In addition, the genes comprising
the RS highlight biologic pathways that may be most responsible for
cancer recurrence and represent genes that should be interrogated
further to identify promising targets in this new era of drug develop-
ment. Hopefully, the results presented here will lead to both immedi-
ate and future improvements in treatment for patients with
colorectal cancer.
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■ ■ ■

GLOSSARY TERMS

COX-2: A prostaglandin endoperoxide synthase, COX enzymes
are responsible for the production of prostaglandins, intracellular
messengers found at high levels at inflammation sites. Of COX-1
and COX-2, the latter has received much attention due to drug
development that has targeted COX-2 for selectively down regu-
lating inflammatory processes.

Cox Proportional hazards: The Cox proportional hazards
regression model is a statistical model for regression analysis of
censored survival data. It examines the relationship of censored
survival distribution to one or more covariates. It produces a
baseline survival curve, covariate coefficient estimates with their
standard errors, risk ratios, 95% CIs, and significance levels.

MMR (mismatch repair genes): Mismatch repair genes recog-
nize and correct errors in DNA replication leading to single base-pair
mismatches or insertions/deletions in small repetitive tracts of DNA
known as microsatellites.

Recurrence-free interval: Time from randomization to docu-
mented first recurrence or death due to original cancer.

Stromal response genes: Genes within the surrounding tissues
that control the reaction of the supporting stromal cells to the presence
of cancer cells.
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Appendix

The following institutions participated in this study: Cancer Centers of the Carolinas, Greenville, SC: Jeffrey K. Giguere, MD, supported
by CA29165; Christiana Care Health Services Community Clinical Oncology Program (CCOP), Wilmington, DE: Stephen Grubbs, MD,
supported by CA45418; Dana-Farber Cancer Institute, Boston, MA: Harold J. Burstein, MD, PhD, supported by CA32291; Dartmouth
Medical School-Norris Cotton Cancer Center, Lebanon, NH: Konstantin Dragnev, MD, supported by CA04326; Duke University
Medical Center, Durham, NC: Jeffrey Crawford, MD, supported by CA47577; Georgetown University Medical Center, Washington, DC:
Minetta C. Liu, MD, supported by CA77597; Monter Cancer Center of North Shore-Long Island Jewish Health Systems, Lake Success,
NY: Daniel Budman, MD, supported by CA35279; Massachusetts General Hospital, Boston, MA: Jeffrey W. Clark, MD, supported by
CA32291; Memorial Sloan-Kettering Cancer Center, New York, NY: Clifford A. Hudis, MD, supported by CA77651; Mount Sinai School
of Medicine, New York, NY: Lewis R. Silverman, MD, supported by CA04457; Nevada Cancer Research Foundation CCOP, Las Vegas,
NV: John A. Ellerton, MD, supported by CA35421; Northern Indiana Cancer Research Consortium CCOP, South Bend, IN: Rafat Ansari,
MD, supported by CA86726; Rhode Island Hospital, Providence, RI: William Sikov, MD, supported by CA08025; Roswell Park Cancer
Institute, Buffalo, NY: Ellis Levine, MD, supported by CA59518; Southeast Cancer Control Consortium CCOP, Goldsboro, NC: James N.
Atkins, MD, supported by CA45808; State University of New York Upstate Medical University, Syracuse, NY: Stephen L. Graziano, MD,
supported by CA21060; The Ohio State University Medical Center, Columbus, OH: Clara D. Bloomfield, MD, supported by CA77658;
University of California at San Diego, San Diego, CA: Barbara A. Parker, MD, supported by CA11789; University of California at San
Francisco, San Francisco, CA: Charles J. Ryan, MD, supported by CA60138; University of Chicago, Chicago, IL: Hedy L. Kindler, MD,
supported by CA41287; University of Illinois Minority-Based CCOP, Chicago, IL: David J. Peace, MD, supported by CA74811; University
of Iowa, Iowa City, IA: Daniel A. Vaena, MD, supported by CA47642; University of Maryland Greenebaum Cancer Center, Baltimore,
MD: Martin Edelman, MD, supported by CA31983; University of Massachusetts Medical School, Worcester, MA: William V. Walsh, MD,
supported by CA37135; University of Minnesota, Minneapolis, MN: Bruce A. Peterson, MD, supported by CA16450; University of
Missouri/Ellis Fischel Cancer Center, Columbia, MO: Karl E. Freter, MD, supported by CA12046; University of Nebraska Medical Center,
Omaha, NE: Apar Ganti, MD, supported by CA77298; University of North Carolina at Chapel Hill, Chapel Hill, NC: Thomas C. Shea,
MD, supported by CA47559; University of Tennessee Memphis, Memphis, TN: Harvey B. Niell, MD, supported by CA47555; University
of Vermont, Burlington, VT: Steven M. Grunberg, MD, supported by CA77406; Wake Forest University School of Medicine, Winston-
Salem, NC: David D. Hurd, MD, supported by CA03927; Walter Reed Army Medical Center, Washington, DC: Brendan M. Weiss, MD,
supported by CA26806; Washington University School of Medicine, St. Louis, MO: Nancy Bartlett, MD, supported by CA77440; Weill
Medical College of Cornell University, New York, NY: John Leonard, MD, supported by CA07968.

Table A1. Multivariable Analysis: Relationship of RS, T Stage, and MMR With Risk of Recurrence

Variable HR 95% CI P

MMR (deficient v intact) 0.58 0.37 to 0.93 .023
T4 v T3 1.00 0.48 to 2.11 .995
RS, continuous (per 25 units) 1.62 1.14 to 2.29 .007

Abbreviations: HR, hazard ratio; MMR, mismatch repair; RS, recurrence score.
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Parent CALGB 9581 trial
  Patients enrolled (n = 1,713)
  Stage II colon cancer (n = 1,672)
    (270 recurrences)

Patients with available tissue (n = 1,137)
  (both study arms pooled)
Recurrences (n = 188) + random sample of 
  nonrecurrence

CALGB/GH study patient samples processed
(n = 728)

Final study population (n = 690)
)261 = n( secnerruceR  

  Nonrecurrences (n = 528)

Excluded (n = 38)
  Insufficient tumor (n = 17)
  Ineligible tumor type (n = 6)
  RNA quantity (n = 8)
  RNA quality (n = 7)

Fig A1. Study flow diagram. CALGB, Cancer and Leukemia Group B; GH, Genomic Health.
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